Abstract
Background -While there are reports on the outcome in adults and teenagers with cystic fibrosis of colonisation with Burkholderia (Pseudomonas) cepacia, there is little information in children. Methods -In December 1991 only one of 115 children with cystic fibrosis attending a paediatric centre was colonised with B cepacia. Over the next 12 months there was a rapid increase with 23 (20%) becoming colonised; eighteen (79%) of these became colonised in hospital at a time that overlapped with the admission of a B cepacia positive child. Three different bacteriocin types were isolated, with one type (S22/P0) being present in 17 (74%) patients. The outcome for children who became colonised with B cepacia was compared with that in 33 children who continued to be colonised with Pseudomonas aeruginosa alone. Results -Children colonised with B cepacia were older and more poorly nourished than those colonised with P aeruginosa, but did not have poorer pulmonary function. After colonisation, the forced expiratory volume in one second (FEV1) deteriorated between consecutive annual tests, with the average deterioration being greater in those with higher initial levels. Five children with B cepacia died from respiratory failure although none showed a fulminant deterioration. Introduction of segregation measures within hospital led to a dramatic decrease in the number ofnewly colonised patients. Conclusions -This study provides further evidence for person-to-person spread ofB cepacia and confirms the effectiveness of simple isolation measures in interrupting spread. Colonisation with B cepacia and P aeruginosa in children is associated with a more rapid decline in lung function and a significantly increased mortality compared with cases colonised with P aeruginosa alone.
(Thorax 1995;50:1194-1198) Keywords Reports on the outcome after B cepacia colonisation have related predominantly to adults and adolescents with cystic fibrosis. We report the outcome of a hospital outbreak of B cepacia in children with cystic fibrosis already colonised with P aeruginosa attending a paediatric cystic fibrosis centre. Apart from providing further evidence of person to person spread, this outbreak allowed the outcome in the children who became colonised with B cepacia in addition to P aeruginosa to be compared with those remaining colonised with P aeruginosa only.
Methods

PATIENTS
In 1992 115 children of mean age 7 6 years (range 0 6-15-8) Before the B cepacia outbreak the microbiology laboratory had been routinely culturing and isolating B cepacia for a number of years. During this period only three children with cystic fibrosis had ever been found to be colonised. At the time of the outbreak no changes had occurred in the handling of specimens or methods of culture.
All specimens were cultured fresh for B cepacia. Specimens were plated on McConkey agar (Becton Dickinson, Cumbernauld, UK), B cepacia selective media (Mast Diagnostics, UK) and blood agar plates (Oxoid Ltd, Oxford, UK) and incubated at 370C in 5% CO2. After 24 hours incubation all plates were examined. Normal flora was recorded as "light", "moderate", or "heavy". Presumptive pathogenic organisms were identified by colony morphology and oxidase tests, plated onto blood agar purity plates, and incubated for a further 24 hours at COMPARISON OF CHILDREN COLONISED WITH B CEPACIA AND THOSE COLONISED WITH P AERUGINOSA
The group of children colonised with P aeruginosa who became colonised with B cepacia ("B cepacia group") was compared with the remaining children with P aeruginosa who did not become colonised with B cepacia ("P aeruginosa group") using data from approximately annual assessments of nutrition (height and weight centiles), respiratory status (peak expiratory flow rate (PEFR), forced expiratory volume in one second (FEVy), residual volume to total lung capacity ratio (RV/TLC)), and Swachman score. '3 For the B cepacia group the results of two consecutive annual reviews were chosen corresponding as closely as possible to a period six months before and six months after colonisation with B cepacia (average period between results 15*5 months; all data from September 1988 to September 1993). In the P aeruginosa group we also used results of reviews approximately 12 months apart (average period between results 18-0 months; results obtained between March 1990 and September 1993).
DATA ANALYSIS
The data from children colonised with B cepacia and those colonised with P aeruginosa were compared using either x2 tests of association or The increase in children colonised with B cepacia throughout 1992 is shown in the figure. Of the three children who had B cepacia cultured between 1986 and 1992, only one had the organism present consistently at the start of the outbreak.
During January 1992 one child (subject 2, a two year old with mild disease and no hospital admissions from diagnosis at five weeks of age) had B cepacia isolated from the sputum. As B cepacia quickly cleared from the sputum and has not been isolated again, bacteriocin typing of this strain was not available. A second child (subject 3) with a respiratory exacerbation in January 1992 had a sputum sample on admission which grew three different strains of P aeruginosa. B cepacia was isolated from a second sputum sample three days before discharge in February 1992. Thereafter the number of children with B cepacia increased (figure) so that, by December 1992, 23 (20%) were colonised.
In the B cepacia group of 23 patients 19 had more than 10 separate isolates of the organism. Of these, 17 ) . Because of the small numbers the patients were divided into three age groups (0-5, 6-10, and 11-14 years); 36% of the children colonised with P aeruginosa were in the youngest age group compared with only 18% of the B cepacia group.
Nutrition
While there was no significant difference between groups in terms ofthe height distribution based on centiles (X2 = 2-1, df= 5; p =NS combining neighbouring categories as necessary for a valid test; table), there were significant differences in the weight distribution (X2 = 9-6; df= 3; p<0-05, again combining categories as necessary; table). In particular, 61% of the B cepacia group had weights on or below the third centile compared with only 21 % of the P aeruginosa group. In the period following colonisation there was no significant change between the two groups for height or weight (X2 = 2-5, df= 2, and 0 90, df= 2 respectively, p = NS). Thus, although more were poorly nourished at colonisation, the linear growth and nutrition of the B cepacia group did not deteriorate disproportionately in the medium term.
Pulmonary function
The table shows the mean results for FEV1, PEFR, and the RV/TLC ratio at their baseline assessments. Some children were too young to undergo pulmonary function testing and, accordingly, the numbers in each group differ. For each variable there was no significant difference between the two groups (95% confidence interval (CI) for the difference in the means (-27-1 to 1.8); (-18-3 to 8-1); and (-22 to 71), p=NS). Between groups the mean changes in PEFR and RV/TLC over the study period did not differ. However, the average deterioration in FEV1 for the B cepacia group was significantly greater than that of the P aeruginosa group (p<0.05). Somewhat surprisingly, the mean FEV1 for the Paeruginosa group had improved 12 months after the baseline result, but not significantly.
An analysis of covariance demonstrated that for both PEFR and RV/TLC the child's initial pulmonary function influenced the change in pulmonary function; for PEFR in both groups those with better initial values fell more, while for RV/TLC both groups declined in a similar direction but those with higher (worse) RV/ TLC values fell more. There was no evidence of a group effect on the change in either measurement. For the B cepacia group this was also true of FEV1 in that those with higher initial values deteriorated more on average. However, for the P aeruginosa group the initial FEVy had no effect on the average change in FEV1 throughout the study period ifone outlier, whose result distorts the analysis, is removed. The combination ofB cepacia and P aeruginosa was therefore associated with a faster deterioration in lung function than infection with P aeruginosa alone, and this was most evident in children with better initial lung function. The linear modelling was extended to investigate possible age effects and age group interactions but no significant effects were found.
Swachman scores
The median baseline Swachman scores" for the B cepacia group was significantly lower (95% CI -5 to -25, p<0-05; table). The median scores for children in both groups who had scores available showed no difference between groups in the median reduction in scores over the period of the study (95% CI -5 to -15, p =NS).
Mortality
During the study period five children (two boys and three girls) in the B cepacia group died between five and 15 months after colonisation.
Baseline data of children at acquisition of B cepacia colonisation compared with those colonised with P aeruginosa alone Since the start of the study only one child not colonised with B cepacia has died due to a brainstem glioblastoma. The five children colonised with B cepacia who died all suffered a steady clinical deterioration. Prior to colonisation with B cepacia they were not in a particularly poor condition with respect to either nutrition or pulmonary function.
A further four with B cepacia have died since the end of the study.
Discussion
This report describes a substantial hospital outbreak ofB cepacia infection in a children's cystic fibrosis centre, and the impact of colonisation on the subsequent outcome.
The data provide further evidence that patient to patient transmission of B cepacia occurs. Firstly, the incidence of B cepacia infection rose with B cepacia. It is of interest that Humphreys et al'8 noted that B cepacia could be recovered from room air during occupation by five or six patients with cystic fibrosis colonised with B cepacia. The number of bacteria isolated was greater when the patients were coughing. The isolation of B cepacia from the air of rooms occupied by colonised patients suggests that dissemination can occur by aerosol spread. In using communal physiotherapy in an enclosed space we may inadvertently have created an environment conducive to the spread of B cepacia. The children who became colonised with B cepacia were significantly older and it is possible that some spread arose from social contact,7 more likely in older children, especially in a hospital setting. Interestingly, three children colonised with B cepacia had siblings with cystic fibrosis, but only one sibling became colonised, in contrast to previous studies where pairs of siblings generally showed mutual colonisation.49
The other possibility that the infection arose and spread from a common environmental source is unlikely. Firstly, at the time of the outbreak children were not sharing respiratory equipment so that spread via contaminated equipment is improbable. Also, surveillance cultures of respiratory function equipment have always failed to recover B cepacia. Secondly, types identified on subsequent environmental screening of sites such as sinks were of different bacteriocin types than those isolated from colonised children. Finally, simple cross infection measures involving segregation of children colonised with B cepacia, with no additional environmental measures, effectively interrupted the progress of the outbreak.
Not all of the children in the P aeruginosa group exposed to B cepacia became colonised. Those who did were older, less well nourished, and had lower Swachman scores, but did not have worse lung function. During the study there was no evidence of deterioration in nutrition, linear growth, or clinical score in either group. To date it has not been clear whether B cepacia colonisation is responsible for the deterioration in lung function in patients with cystic fibrosis or whether it is simply a marker of disease severity. At the time of colonisation the lung function between the two groups did not differ significantly. While there was no evidence of a decline in lung function within each group, the group colonised with both B cepacia and P aeruginosa showed a significant decline in FEV, compared with the group colonised with P aeruginosa only. Further analysis of the FEV, results in the B cepacia group showed that those with the highest FEV, values (that is, >50% predicted) deteriorated the most. Colonisation with B cepacia was also associated with a significant mortality from respiratory failure.7 Thus, the dominant impact of B cepacia in children with cystic fibrosis is on respiratory function, and may be greater in those with better levels of respiratory function. This contrasts with the adults and adolescents described by Taylor et all9 in whom those with normal or mild lung disease at the outset of infection remained clinically stable, whereas few of those with severe disease remained stable.
In conclusion, cross infection with B cepacia arising from person-to-person spread is an important problem in children with cystic fibrosis, and has a major impact on the respiratory system which is reflected in a faster decline in FEV, and a higher mortality from respiratory failure. Simple measures to limit cross infection dramatically reduce the incidence of new infections, emphasising that measures to limit the spread of this organism should be introduced in all paediatric cystic fibrosis units.
